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' Signatures of anomaly mediated supersymmetry breaking in linear colliders are briefly 

reviewed after presenting an outline of the theoretical framework. A unique and distinct 
■ feature of a large class of models of this type is a winolike chargino which is very closely 

£N| ' degenerate in mass with the lightest neutralino. The very slow decay of this chargino 

£N| results in a heavily ionizing charged track and one soft charged pion with a characteristic 

momentum distribution, leading to unique signals in linear colliders which are essentially 
1 free of background. The determination of chargino and slepton masses from such events 

C D ' is a distinctly interesting possibility. 
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1. Introduction 

The Minimal Supersymmetric Standard Model (MSSM), with softly broken N=l su- 
persymmetry (SUSY) is perhaps the most well-motivated theory for physics beyond 
the Standard Model (SM). The question then arises as to how SUSY is broken and 
why is the mechanism of SUSY breaking relevant to experiments. The most general 
version of the MSSM, containing a large number of arbitrary SUSY breaking soft 
parameters, is somewhat intractable from the viewpoint of experimental searches. 
However, if the mechanism of SUSY breaking and the way SUSY breaking is com- 
municated to the MSSM superfields were known, then it would be possible to have a 
much smaller set of parameters. The nature of the lightest supersymmetric particle 
(LSP) and the decay chains could then be established from the prediction of mass 
spectra and couplings from the framework underlying SUSY breaking. Hence, the 
theorist's approach would be to understand the origin of these parameters in terms 
of some kind of spontaneous SUSY breaking. 

It had been realized 1 that if spontaneous SUSY breaking arose from MSSM fields 
themselves then the spectrum should obey certain sum rules, namely STrM% + 
STrMl = = STrMl + STrM^, generation by generation. This implies that in 
every family at least some sleptons/squarks must be lighter than their partner lep- 
tons/quarks, contrary to observation. However, this equation holds only for renor- 
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malizable theories and at tree level. Thus, in order to avoid this situation one can 
imagine that SUSY is broken dynamically in some 'hidden' sector which is singlet 
under the SM interactions and then the message of SUSY breaking is communi- 
cated to the 'visible' sector of MSSM fields through some mediation mechanisms 
which involve either loops or non-renormalizable interactions. The nature of the soft 
SUSY breaking in the visible sector is thus determined by the mediation mechanism 
of SUSY breaking. 

Several such mediation mechanisms have been discussed in the literature, 
such as supergravitational mediation at the tree level 2 and gauge mediation 3 , 
along with their distinctive phenomenological signatures. Anomaly mediated su- 
persymmetry breaking (AMSB) 4 ' 5 is one such possibility and has attracted 
a lot of attention in recent times. The basic idea is to convey the mes- 
sage of supersymmetry breaking to the observable sector by the Super-Weyl 
anomaly. This scenario has led to the construction of a whole class of 

models 6,7,8,9,10,ll,12,13,14,lB,16,17,18,19,20,21,22,23 and many Q f thc phenomenological 

implications have been discussed 8 ' 24 ' 25 ' 26 ' 27 ' 28 ' 29 ' 30 ' 31 ' 32 ' 33 ' 34 ' 35 ' 36 ' 37 ' 38 ' 39 ' 40 . For ex- 
ample, the characteristic signatures of the minimal anomaly mediated supersym- 
metry breaking (mAMSB) model have been studied in the context of hadronic 
colliders 25 ' 26 ' 27 ' 28 ' 29 ' 30 ' 31 ' 32 ' 33 , as well as for high energy linear colliders, whether of 
the e + e~ type 34 ' 35 ' 36 ' 37 ' 38 , or e~7 colliders 39 or photon-photon colliders 40 . In this 
article we will briefly review the unique signatures of the mAMSB model in the 
context of high energy linear colliders. 

The original version of the AMSB scenario involved a higher-dimensional su- 
pergravity theory where the hidden sector and observable sector superfields are 
localized on two distinct parallel three-branes separated by a distance <~ r c (r c is 
the compactification radius) in the extra dimension. 4 As there is no tree level cou- 
pling between the hidden sector fields and those in the observable sector, it had been 
assumed that the flavor changing neutral current (FCNC) processes would be sup- 
pressed naturally. Recently, though, it has been shown that the physical separation 
between the visible and hidden sectors in extra dimension is not sufficient to sup- 
press the FCNC processes except in some special cases. 19 However, it is possible to 
construct models of AMSB, even in a completely four-dimensional framework, that 
can circumvent the flavour problem. 20 ' 21 For the purposes of the present review, we 
would be concentrating on the minimal scenario of Rcf. 4 . 

The AMSB scenario can be described in terms of a four-dimensional effective 
theory below the compactification scale, /x c (~ r f T 1 ) where only four-dimensional 
supergravity fields are assumed to propagate in the bulk. It is then possible to de- 
fine a rescaling transformation which can eliminate, from the classical Lagrangian, 
any tree-level interaction (except for the /x-term in the superpotential) connecting 
the supergravity fields with the visible sector matter fields. Such a rescaling trans- 
formation, however, is anomalous at the quantum level and hence supersymmetry 
breaking is communicated from the hidden sector to the visible sector through the 
loop-generated super-conformal anomaly. 4 The supersymmetry breaking soft mass 
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parameters for the gauginos and the scalars are generated at the same order in the 
corresponding gauge coupling strength. The analytical expressions for the scalar and 
gaugino masses, in terms of the supersymmetry breaking parameters, are renormal- 
ization group (RG) invariant, and, thus, can be computed at the low-energy scale 
in terms of the appropriate beta functions and anomalous dimensions. However, at 
low energies, it predicts the existence of tachyonic sleptons. This is the most glaring 
problem of the minimal AMSB scenario. Several solutions to this problem exist. In 
this review we shall consider mainly the minimal AMSB model wherein a constant 
term to 2 , is added to all the scalar squared masses thereby making the slepton mass- 
squareds sufficiently positive. While this may seem to be an ad hoc step, models 
have been constructed 16 that naturally lead to such an eventuality. A consequence 
is that the RG invariance of the expression for scalar masses is lost and hence one 
needs to consider the corresponding evolution down to the electroweak scale. 

The minimal AMSB model has several unique features. The gravitino is very 
heavy, its mass being in the range of tens of TeV. Left and right selectrons and 
smuons are nearly mass-degenerate while the staus split into two distinct mass 
eigenstates. But perhaps the most striking feature is that both the lightest super- 
symmetric particle (LSP) \i an d the lighter chargino (xt) are predominantly Winos 
and hence nearly mass-degenerate. Loop corrections as well as a small gaugino- 
Higgsino mixing at the tree level do split the two, 26,41 but the consequent mass 
difference is very small: AM < lGcV. The dominant decay mode of the lighter 
chargino is Xi^Xi+ 7r± an d this long-lived chargino would typically result in a 
heavily ionizing charged track and/or a characteristic soft pion in the detector. 42 

The review is organized as follows. In Sec. 2 we discuss the spectra in the mAMSB 
scenario and constraints on the parameter space coming from various experimental 
and theoretical considerations. In Sec. 3, we first mention the results of the experi- 
mental searches of mAMSB scenario at LEP and then go on to discuss the signatures 
of mAMSB scenario in the context of a high energy e + e~ linear collider. Next, in 
Sec. 4 we discuss the potential of an e~7 collider and 77 collider in order to look for 
the signatures of AMSB. Finally, we conclude in Sec. 5. 



2. Model Parameters and Constraints 

The minimal AMSB model is described by just three parameters (apart from the 
SM parameters, of course): the gravitino mass to 3 / 2 , the common scalar mass pa- 
rameter too and tan/3, the ratio of the two Higgs vacuum expectation values. In 
addition, there is a discrete variable, namely the sign of the Higgs mass term (/u). 
As mentioned earlier, the soft supersymmetry breaking terms in the effective La- 
grangian are then determined solely in terms of the gauge (gi) and Yukawa (y a ) 
couplings. 

Denoting the generic beta- functions and anomalous dimension by /3 g (g,y) = 
dg/dt, P y {g,y) = dy/dt and 7(3, y) = dlnZ/dt (t being the logarithmic scale vari- 
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able) respectively, we have, for the gaugino (A) masses 

M A = ^m 3/2 , (1) 

where the appropriate gauge coupling and /3-function are to be considered. Similarly, 
for the trilinear soft breaking parameters, one has 



A y = — m 3/2 . 



The scalar masses can be symbolically written as 

l (3l 



f 



dg 



ft, 



(2) 



(3) 



The detailed expressions for the gaugino masses at the one-loop level and the 
squared masses for the Higgs and the other scalars at the two-loop level can be 
found in Refs. 26 > 36 > 43 . Certain sum rules have also been derived for the sparticle 
masses in the mAMSB model. 44 

A particularly interesting feature of the mAMSB model is that the ratios of the 
respective U(l), SU(2) and SU(3) gaugino mass parameters Mi, M 2 and M 3 , at 
low energies, turn out to be 



IMd : |M 2 | : |M 3 | w2.8:l: 7.1. 



(4) 



An immediate consequence is that the lighter chargino \\ an d the lightest neu- 
tralino Xi are both almost exclusively a Wino and, hence, nearly degenerate in 
mass. As already discussed in the introduction a small mass difference is generated 
(the lighter chargino is always the heavier) though from the tree-level gaugino- 
Higgsino mixing as well as from the one-loop corrected chargino and the neutralino 
mass matrices. 26 ' 41 The mass splitting has an approximate form: 
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(6) 



For the range of m and m 3 / 2 that we would be considering throughout this review, 
AM< 500 MeV. And, for very large M 2 , the mass difference reaches an asymptotic 
value of w 165 MeV. 

To determine the parameter space allowed to the theory, several experimental 
constraints need to be considered, the most important ones being: 

• Xi must be the LSP; 

• m fl > 82 GeV, 45 
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• m~± > 86 GeV, when this chargino almost degenerate with the lightest 
neutralino. 46 

The last constraint serves to rule out relatively low values of m 3 / 2 irrespective of 
the value of mo- A detailed discussion of these issues can be found in Ref. 43 . 

One must also consider the constraints 27 ' 43 ' 47 ' 48 on the mAMSB model pa- 
rameters from the recent measurement of the muon anomalous magnetic moment 
(g^ — 2). It must be borne in mind, though, that the calculation of the SM contri- 
bution to {g^ — 2) is beset with many theoretical uncertainties. Constraints are also 
derivable 27 ' 47 ' 48 from the measurement of the rare decay rate T(B — > X s j). Addi- 
tional bounds may exist if one demands that the electroweak vacuum corresponds 
to the global minimum of the scalar potential. 49 ' 50 

3. AMSB Signals at e+e~ Collider 

The search for nearly degenerate lighter chargino and the lightest neutralino (light- 
est neutralino being the LSP) has been performed by all the four experiments at 
LEP2 and bounds have been derived on the lighter chargino mass at 95% C.L. from 
the signal which consists of a single high pt ISR photon plus a large amount of 
missing energy. 46 ' 51,52 

3.1. Signals of AMSB at high energy e+e — linear collider 

The viability of the channel e+e~ — ► 7Xi~xT nas also been studied at the Next 
Linear Collider (NLC) with y/s — 500 GeV within the framework of mAMSB models 
where the energetic photon and missing energy from the neutralinos in the final 
state have been used to trigger the event. 34 It has been shown that with suitably 
chosen kinematical cuts to reduce the backgrounds one could observe hundreds of 
background free events with L — 50 fb^ 1 in a large region of the allowed parameter 
space. The track length of the decaying chargino and the impact parameter of the 
soft pion emitted from the decay of the lighter chargino have also been analyzed in 
order to see whether these characteristics can be used to make the signal background 
free. The chargino mass can be determined from kinematics and the sncutrino mass 
can be determined approximately from the cross section and these information could 
possibly be used to distinguish the mAMSB models from other models of nearly 
mass-degenerate lighter chargino and lightest neutralino. 

One could also look at pair production processes such as e + e~ — > e^ej, e^e^, 
£l&r-> vv, X1X2: X2X2 & t a CM energy \fs = 1 TeV. 35 ' 36 The signals analyzed 
comprise multiple fast charged leptons any of which can be used as a trigger plus 
heavily ionizing charged tracks from the chargino and/or soft charged pions with 
characteristic momentum distribution plus a large amount of missing energy. 

Depending on various parametric choices, the mAMSB sparticle spectrum has 
been broadly classified into two categories with the following mass orderings (spar- 
ticle symbols standing for the sparticle masses): 
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• Spectrum A: x?(~ xt ) < v < £r{~ e L ) < xl 

• Spectrum B: Xi(~ xt) < X° < v < e L ). 

Also, for large values of tan/3, there exists a region where the mass of x.2 ^ s 
between that of the lighter stau fi and the first generation sleptons. This variant, 
which we call Spectrum Bl, is characterized by 

• Spectrum Bl: xt) < n < X.2 < » < efl(~ 

For most of the decay modes, the spectra B and Bl have identical behaviour, the 
only exception is the decay of which is discussed in section 3.1.1. Staus and 
smuons are not considered for production here. 

In the next section we shall enumerate all possible decay channels of the low- 
lying sparticles xt, X2, &r and v that result in one or more leptons plus at least 
one soft charged pion accompanied by missing energy. The selection criteria and 
conventions can be found in Ref. 36 . 

3.1.1. Decay cascade and production processes for spectrum A and spectrum 
B 

For Spectrum A, the allowed decay channels are as follows: 

(1) xl ^ vv, t±%, £±£l. 

(2) e L ^exl Vext- 

(3) en e%2* ~~ * gvv. Note that en must have a three-body decay since Xi has 
a vanishing bino component. Also, the virtual x.2* goes into the vv channel 
rather than the tt^L channel since II is never lighter than £r in minimal 
AMSB. However, the rfi channel is not considered explicitly since we do not 
look at final states with r's. 

(4) iz-i/x?, Pxt- 

This immediately predicts the decay cascade for low-lying sparticles. As already 
pointed out, xt results in a heavily ionizing charged track Xd and/or a soft charged 
pion a . Thus, the end products of various sleptons and x.2 are 

(1) v — > ^ ± 7r T i^T (it can have a completely invisible mode v — > vx\ and thus can 
act as a virtual LSP). 

(2) e L -» etf T , Titf T - 

(3) e R -> eBf T , ee ± n^^ T - 

(4) xl^l^Bfr, (+(rBf Tl l\(-lt^n T {h,i2 = e,»). 
The allowed decay channels for Spectrum B are as follows: 
(1) e L -> ex?, exs, i^ext ■ 

a Hcnccforth 7r will be used to denote Xjj and/or charged soft pion. 
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(2) en — > e\2- Thus en has a more prompt decay in spectrum B than in spectrum 
A. 

(3) v^vx^ vxl, £ T xt- 

(4) The dominant decay modes of x% arc: X° -> Xih, xl -> Xi-Z, X2 -> Xi = W /T ; 
where /i is the lightest CP-even Higgs scalar. 

For Spectrum Bl (see Section 3.1), the two body channel X2 ~^ opens 
up, and the branching ratios of all the above-mentioned two-body channels get 
suppressed. 

The decay cascades for sleptons and gauginos are: 

(1) X2 ^Tfttfr , Z + 1~$t ■ X2 also has a virtual LSP mode x" -> w Xi- The 
leptons come from the decay of W and Z\ h decays dominantly into bb and tt 
which we do not discuss here. 

(2) v — » ^TT^BfT, £ + £~tfr (and the virtual LSP mode listed for spectrum A). 

(3) e L -> e^ T , tt^t, e£+£~Ef T , e^TT^tfr- 

(4) e R ->eEf T , e£+£rBf T , et^^r- 



Table 1. Possible one or multilcpton signal with one soft pion. 
All possible combinations of leptonic flavours are to be taken into 
account where the flavour is not shown explicitly. This table is taken 
from Ref. 36 . 



Spectrum Signals 



e tt 

fl TT 

A e e £ tt 

fl fl £ TT 

£1 £ x £ 2 h h tt 
e tt 

\X TT 

B e £1 £ 2 tt 

\i II II IT 

e e l\ i\ I2 tt 



Parent Channels 



00, e L e L _, SlSr, X1X2, X2X2 

w, XiX2>_ X2X2 

e R e R , e L e R , x?X2> X2X2 
Xlxl X°2X°2 
X2X2 (^1,2,3 = e, m) 



e L e L , e L e_R, _X?X2> JK2X2 
fi*, e L e L , X1X2. X°x| 
efle fl , e L e fl , e L e L , 00, x°X° 
(^l,2_= e - AO 
X°X_°. ^ 
clCl. e fl e fl , e L e R = e, fx) 



A list of all possible final states and their parent sparticles, as discussed above, 
for both Spectra A and B, is given in Table 1 for one pion channels. A similar list 
for two pion channels can be seen in Ref. 36 . In the next section, we discuss some 
of the one-pion signals and the dilepton plus dipion signal, in detail, but let us note 
two key features right at this point. 

• One can sometimes have the same signal for Spectrum A or B; however, their 
sources are different. This means that the production cross-section and differ- 
ent distributions will also vary from one spectrum to the other; this may help 
discriminate between them. A useful option may be to use one polarized beam 
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when some of the channels would be altogether ruled out. 
• Three charged lepton plus one soft pion (3£ln) signals are interesting in their 
own right. Consider the 3/xl7r signal. For Spectrum B, two opposite sign muons 
must have their invariant mass peaked at mz, while no such compulsion exists 
for Spectrum A. This can serve as a useful discriminator between these two 
options. A discussion regarding additional features can be seen in Ref. 36 . 

3.1.2. Some numerical results 

Cross sections for the production of various two-sparticle combinations have been 
calculated at an e+e~ CM energy of 1 TeV for two values of tan/3, namely, 10 and 
30, for (i > 0. These cross sections were multiplied by the appropriate branching 
fractions of the corresponding decay channels to get the final states described below. 
The selection cuts used can be found in Ref. 36 . 



Table 2. Selected parameter points with fj, > for computed 
cross sections. 



Spectrum 


Parameter Set 


m (GeV) 


m 3/2 (TeV) 


tan /? 




(a) 


340 


44 


10 




(b) 


350 


42 


10 




(c) 


360 


39 


10 


A 


(d) 


380 


46 


30 




(e) 


410 


44 


30 




(f) 


450 


47 


30 



Here, we shall display numerical results for only a selected subset of the final 
states listed in section 3.1.1 and the dilepton plus dipion signal - mainly to get an 
idea of signal strengths. Specifically, let us choose the final states e tt Ifr, e e fj, n I$t, 
e e it 7r I$t- In Table 2, we have selected some AMSB parameter points and in Table 
3, numbers for the cross sections in the three channels mentioned above are displayed 
for spectrum A with the parameter points as selected in Table 2. The individual 
processes have widely different contributions to these channels because of the fact 
that their individual production cross sections and branching ratios in the cascade 
decays are highly parameter-dependent. These signals are essentially background 
free and the detailed discussion regarding the possible backgrounds can be found 
in Ref. 36 . We can see from table (3) that even in the worst cases of the signal 
cross-sections one could observe 15850, 3 and 4330 signal events in the eir + I$t , 
eefiir + I$t and eeirir + Sfr channels respectively from Spectrum A assuming an 
integrated luminosity of 500 fb _1 . Similar numbers for spectrum B can be found in 
Ref. 36 . 

The kinematic distributions of the final state particles for the e ± + 7r T + Efx 
signal have been studied for the following sample point in the AMSB parameter 
space corresponding to Spectrum A: m 3 / 2 = 44 TeV, tan/3 = 30, fi > and 
mo = 410 GeV. These are shown in Fig.l. The detailed discussions regarding these 
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Table 3. Some selected signals in Spectrum A for sample choices of parameters in Table 3. The 
contributions from different sources are also shown in the Table. Here, PS stands for Parameter 
Set. 

Signal PS Cross Sections (fb) 







w 




&R e R 


&L&R + &R&L 


A.1A2 


^0z;0 
A 2 X.2 






a 


40.27 


46.7 




0.00029 


2.46 


0.118 


89.54 




b 


40.94 


45.09 




0.000121 


2.48 


0.14 


88.65 


e-K + Ef T 


c 


43.03 


44.44 




2.55 x 10~ 5 


2.14 


0.13 


89.74 




d 


30.17 


31.63 




3.24 x 10~ 8 


1.74 


0.032 


63.57 




e 


26.4 


24.33 




0.0 


1.35 


0.011 


52.09 




f 


17.28 


13.43 




0.0 


0.99 


0.003 


31.70 




a 






1.36 x 10~ 4 


0.010 


1.44 


0.159 


1.61 




b 






3.65 x 10~ 4 


0.012 


1.32 


0.174 


1.50 


eefj,n + F/x 


c 






0.00 


0.018 


1.19 


0.116 


1.32 




d 






0.00 


2.3 x 10~ 5 


0.014 


0.033 


0.047 




e 






0.00 


4.15 x 10~ 5 


0.011 


0.008 


0.019 




f 






0.00 


2.02 x 10~ 5 


0.006 


0.001 


0.007 




a 


24.21 






0.014 




0.0511 


24.27 




b 


24.94 






0.016 




0.0648 


25.02 


eenir + F/t 


c 


27.66 






0.026 




0.0604 


27.74 




d 


16.45 






2.7 x 10~ 5 




0.0119 


16.46 




e 


14.62 






5.04 x 10- 5 




0.0044 


14.62 




f 


8.66 






2.41 x 10~ 5 




0.000972 


8.66 



distributions can be found in Ref. 36 . For these values of AMSB input parameters, 
AM = 198 MeV. 

Before going to the next section let us also mention that the possibility of ob- 
serving same sign dilcpton signals induced by the vv* mixing in the AMSB model 
(where f is the LSP) has been discussed in Ref. 37 and AMSB models with bilin- 
ear R-parity violation have been shown to have testable signatures at a high energy 
e+e~ linear collider from the associated production of charged higgs and sleptons. 38 



4. Signals of AMSB in e 7 and 77 Collider 

In Ref. 39 , the process e~-f — > vx[ was considered to look for signals of AMSB. 
Once produced, the sneutrino may decay into either an (e~Xi~) P a i r or a ("X?) 
pair. Concentrating upon the former, we are left with a fast e~ (which serves as 
the trigger), two heavily ionizing charged tracks coming from the long-lived Xi 
and/or two visible soft pions with opposite charges and a large missing transverse 
momentum (j/t)- This is a very unique and distinct signature of anomaly mediated 
supersymmetry breaking and does not readily arise in cither of mSUGRA or GMSB 
scenarios. 

It turns out that, for most of the mAMSB parameter space, the two charged 
pions are well separated from each other. The neutralinos, on the other hand, escape 
detection, thereby giving rise to an imbalance in momentum. 




0.003 




100 200 300 400 300 fiOO 700 WO S00 1000 
Pr*(MiV) 

Fig. 1. Normalized kinematic distributions of decay products: (a) decay length of the lighter 
chargino, (b) px of charged lepton, and (c) px of the charged pion arising from + tt^ + F/t 
signal for spectrum A. The AMSB input parameters are m 3 ^ = 44 TeV, tan/3 = 30, fi > and 
m = 410 GeV. 



The signal, then is, 

e~7 -» ^eXr -> e ~ + 7r+7r_ + 2*r , (7) 

with the energetic electron serving as the trigger for the event. The relatively small 
decay width of the charginos is manifested in heavily ionizing charged tracks (one 
for each chargino) terminating inside the detector after traversing a macroscopic dis- 
tance and ending in a soft pion (with pr > 200 MeV) in the Silicon Vertex Detector 
(SVD) located very close to the beam pipe. The details of the SM backgrounds, 
selection cuts and the kinematic distributions can be found in Ref. 39 . 



4.1. Signal strength and the parameter space 

Let us now look into the total signal strength as a function of the parameters 
involved. We shall restrict ourselves to two discrete values of tan/3 while allowing 
mo and m 3 / 2 to vary freely modulo the experimental constraints. As for the beam 
polarization, we make a particular choice, namely P L = +1, P b = P e - = —0.8. 

In Fig. 2, the results have been displayed for a machine operating at \fs ee — 
500 GeV, in the form of scatter plots for the cross section, after imposing the cuts, 
in the plane spanned by mo and m 3 / 2 - In each of the individual graphs, the region 
marked by X corresponds to a chargino mass of less than 86 GeV, thereby falling 
foul of the ALEPH bound. 46 The region Y, on the other hand, would correspond 
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to the fi being the LSP, a possibility not allowed phenomenologically if i?-parity is 
to be conserved. 




m (TeV) 



Fig. 2. Scatter plots for the signal cross-section (fb) in the mo — 7113/2 plane for a machine 
operating at \fs = 500 GeV and Pr, = +1, Pb = P e — = —0.8. The values of tan/3 and sgn(/i) are 
as indicated. The regions marked by X are ruled out by the experimental lower limit on the chargino 
mass, while those marked by Y are ruled out by the requirement of \\ being the LSP. In each panel, 
the top three shaded regions correspond to cross section ranges of [(0.1 — 5), (5 — 50), (50 — 150)]. 
The lowermost region corresponds to (150 — 470) in (a), (150 — 390) in (b), (150 — 335) in (c) and 
(150 — 350) in (d) respectively. This figure is taken from 39 . 

It is clear from Fig. 2 that, for the low tan[3 case, an experiment such as this can 
easily explore TO3/2 as high as 60(50) TeV for negative (positive) /i. For tan(3 = 30, 
on the other hand, the maximal reach in m 3 / 2 is approximately 40 TeV irrespective 
of sgn(fi). Similarly, the reach in mo has little dependence on either of tan(3 and 
sgn(fi). Finally, it must be borne in mind that Fig. 2 has been drawn keeping in mind 
a moderate luminosity ( 100 fb -1 ). A significantly larger integrated luminosity 
would, of course, allow one to explore beyond the topmost shaded band. A similar 
plot for a machine opearting at \fs ee = 1 TeV instead can be seen in Ref. 39 . The 
features are very similar, with the obvious enhancement in the reach. 

4.1.1. Parameter determination 

The possibility of determining the masses of the chargino and the sneutrino has also 
been investigated at an ej collider. Since the particles produced were the sneutrino 
and the chargino and the sneutrino subsequently decayed into a similar chargino 
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and an electron, it is easy to see that the energy of the decay electron is strictly 
confined 39 within the interval 



to- — to: 



< E e < 



(8) 



where i?™ ax is the maximum possible energy that the intermediate sneutrino may 
have carried, viz. 



gmax 



1 



4y n 



(1 + 2/max) (?/n 



2 2 
TOr> — TO ~-| 
Xi 



+ (1 - Dmax)\J (2/maxS + TO? - - 4y max STO? 



(9) 



and fc™ ax is the corresponding momentum. y max is the maximum value of the frac- 
tion of the energy that the reflected photon beam carries off. 39 



tan = 5 








tan p = 30 




100 200 300 400 500 600 700 
m 5 (GeV) 



360 370 380 390 400 410 420 430 
Ilk (GeV) 



Fig. 3. (a) The determination of the sneutrino and chargino masses from a measurement of the 
endpoints of the electron energy spectrum (eqn.8). The width of the bands correspond to the error 
bars in measuring the endpoints. 39 For points within the two horizontal bands, the resultant cross 
section would agree with the measured one to within la. (b) The overlap region has been shown 
on an expanded scale. The dark square denotes the reference point in the parameter space (pt. B 
in the text). This figure is taken from 39 . 



As y/s and y m ax are both known, it follows that an accurate measurement of 
£J^ ax and E^ in would allow us to determine both the masses. A very precise mea- 
surement of the endpoints is unlikely though. The measurement errors have been 
discussed in Ref. 39 . In Fig. 3 a, we display the two bands obtained from the mea- 
surement of the two electron energy endpoints corresponding to a particular point 
in the parameter space (too = 450 GeV, m 3 / 2 = 55 TeV, tan (3 — 30 and /i > 
leading to {m~+ , to^o , to^,) = (186.42, 186.23, 390.07)GeV) which is denoted as point 
B in Ref. 39 . The error on the sneutrino mass, thus determined, is roughly 12 GeV, 
while that on the chargino mass is roughly 6 GeV. Moreover, the errors are quite 
correlated (see Fig. 36, which displays the region of interest on an expanded scale). 
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Having determined the masses, it is now of interest to measure the remaining 
parameter, namely tan/3. Clearly, kinematical distributions are essentially indepen- 
dent of this quantity and one should rather consider cross section measurement. 
The corresponding error in the cross-section measurement (after imposing the cuts, 
naturally) is easily determined on application of Poisson (or Gaussian) statistics. 
Armed with this, and for a given value of tan/3, one could easily determine the part 
of the mc,-m~+ space that would be consistent with the measured cross-section. In 
Figs. 3, we display these constraints for two particular values of the ratio tan/3. Note 
that, while some resolution is possible, such experiments are not overly sensitive to 
this parameter. It is possible that significant improvement would occur once other 
production processes are considered. 



4.2. AMSB signals in 77 collider 

Another possibility of observing AMSB signal is to look for chargino pair produc- 
tion in association with a photon in 77 colisions. The production process is solely 
goverened by electromagnetic interactions. The details of the cross sections, selec- 
tion criteria and background elimination can be found in Ref. 40 . Assuming an 
integrated luminosity of 100 fb _1 , a chargino mass (considering that the macro- 
scopic track length cannot been seen and the soft charged pions are not observed) 
up to about 165-170 GeV can be detected at a linear collider operating at y/s = 
500 GeV and the limit can go up to about 370 GeV for a 1 TeV collider. Another 
important feature of this signal is that just by event counting itself one can have a 
fairly good determination of M~± . 

Before we conclude, it may be relevant to discuss the ways of looking at AMSB 
signals in the context of the Tevatron or the LHC. It has been shown in Ref. 25 that 
at the Tevatron one could possibly detect these charginos traveling macroscopic 
distances and the events can be triggered on high pt monojets. Production and 
subsequent decays of other sparticles have also been suggested for triggering on the 
events. 26 At the LHC, one could look at leptons + jets + charged track + missing 
energy final states from the sparticle cascades 29 ' 30 ' 32 or forward jets + missing 
energy or one lepton + forward jets + missing energy from gauge boson fusion. 31,33 
As we have emphasized in this review the soft charged pions might play an important 
role in looking for signals of AMSB in linear colliders. In a hadronic environment it is 
almost impossible to look for these soft charged pions with characteristic momentum 
distribution. Thus, in some sense the searches carried out in linear colliders along 
the direction discussed in this review can be complementary to the searches in the 
hadron colliders. Another important aspect is the measurement of the chargino and 
slepton masses from the kinematics as well as from the cross-section measurements 
which can possibly identify the underlying model. These measurements may not be 
very reliable at a hadron collider. 
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5. Concluding remarks 

Anomaly mediated supcrsymmctry breaking is an interesting way of generating 
slcpton and gaugino masses. At low energies it is beset with tachyonic slcptons. 
This problem is solved in various ways; here we discuss the minimal model where a 
constant term rrig is added to all the squared masses of the scalars. Many interesting 
signatures can be seen in future linear colliders. One interesting feature of AMSB 
models is that the lighter chargino is winolikc (nearly mass-degenerate with the 
winolike lightest neutralino) and its dominant decay mode is xt ~~ * Xi + s °ft 7r± - 
Fast e" or ISR photon trigger, heavily ionizing charged track from the slow decay of 
the lighter chargino and/or soft charged pion with impact parameter resolved can be 
a distinct possibility in an e + e~ linear collider. In an e~7 collider one could observe 
two soft charged pions and two heavily ionizing charged tracks with an e~ trigger 
whereas in a 77 collider one can observe a single photon plus missing energy signal 
as a test of AMSB. A measurement of the fundamental supersymmetry breaking 
parameters could also be possible. 
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